In this report, we show that ionizing radiation (IR) at a clinically relevant dose (4 Gy) causes apoptosis in macrovascular and microvascular human endothelial cells. Treatment of irradiated cells with a low dose of bacterial endotoxin (LPS), similar to the levels observed in serum during endotoxemia, enhanced the rate of apoptosis, although LPS alone was unable to induce programmed cell death. The cytokine and endotoxin antagonist interleukin-IO (IL-IO) reduced the rate of LPS + IR-induced apoptosis to levels obtained with irradiation alone. Using neutralizing antibodies against tumor necrosis factor-cu (TNF), we could show crucial involvement of TNF in the LPS-mediated enhancement of IR-induced apoptosis, but not in the IR-induced apoptosis per se. How-POPTOTIC PROGRAMMED cell death occurs under physiologic and pathophysiologic conditions. In the immune system, apoptosis serve for selection of B cells in lymphoid follicular centers' and thymic clonal deletion of autoreactive T-cell clones.' However, apoptosis may be fatal in normal, nonlymphoid mammalian tissues lacking rapid renewing processes, such as the endothelium. Among apoptosis-inducing agents, particularly ionizing radiation was found to affect endothelial cells in vitro' and in vivo.4,'
POPTOTIC PROGRAMMED cell death occurs under physiologic and pathophysiologic conditions. In the immune system, apoptosis serve for selection of B cells in lymphoid follicular centers' and thymic clonal deletion of autoreactive T-cell clones.' However, apoptosis may be fatal in normal, nonlymphoid mammalian tissues lacking rapid renewing processes, such as the endothelium. Among apoptosis-inducing agents, particularly ionizing radiation was found to affect endothelial cells in vitro' and in vivo.4, ' Programmed cell death might thus be involved in endothelial cell damage leading to local inflammatory responses in various tissues. This could play a role in transplant-related complications (TRC) after allogeneic bone marrow transplantation (BMT). Virtually all TRC occurring in the first 6 months after BMT seem to be associated with endothelial activation.' Endothelial damage is likely to be involved in late effects observed in long-term survivors of BMT, including pulmonary complications and osteonecrosis.' Yet little is known about the molecular mechanisms affecting endothelial cells in this context. Proinflammatory cytokines such as tumor necrosis factor-a (TNF) might be involved in endothelial damage. Increasing evidence suggests that conditioning regimens, including total body irraditation (TBI) and cytotoxic chemotherapy, may contribute to an activation of recipients' endothelium and macrophages that leads to the release of proinflammatory cytokines.x.9 Additionally, the conditioning-mediated influx of bacterial pathogens like li- ever, further analysis strongly suggested the transmembrane form of TNF (mTNF), but not soluble TNF, to be accountable for the LPS-mediated cytotoxic effects. Studies with anatagonistic receptor specific antibodies clearly showed that TNF receptor type I (TR60) is essential and sufficient to elicit this effect. These findings are of potential clinical importance because they may disclose a relevant mechanism that leads to endothelial damage after radiotherapy or total body irradiation used for conditioning in bone marrow transplantation and that may thus contribute to transplant related complications, especially in association with endotoxemia or related inflammatory states.
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popolysaccharide (LPS) across damaged mucosal barriers of the gut and intestine may participate in inflammatory processes.'".'' Furthermore, a role for LPS in triggering macrophage-derived TNF release and thereby in promoting acute graft-versus-host disease (aGVHD) as a major complication after BMT has been considered previously." Finally, it has been shown in a murine model that TB1 is essential for the induction of aGVHD,'j and that TB1 is a clear risk factor for the development of inflammatory diseases like interstitial pne~monitis.'~ In summary, there is in vivo evidence for a local interaction between LPS and ionizing irradiation (IR) at sites of inflammation and that IR itself is likely to participate in transplant-related complications. The clinical and preclinical observations mentioned above prompted us to examine the influence of IR in vitro at a clinically relevant dose (4 Gy) and in combination with LPS on the programmed cell death of endothelial cells. We further addressed the question whether proinflammatory cytokines, such as TNF, participate in the induction of the apoptotic machinery. Our data show that IR indeed causes apoptosis in human microvascular and macrovascular endothelial cells and that this effect is enhanced by LPS. Further analysis provided evidence that membrane-bound, but not soluble, TNF is the major effector molecule of the LPS-mediated enhancement. Interestingly, induction of apoptosis was dependent on TNF only upon costimulation of cells with IR and LPS, whereas IR-induced effects were TNF independent. These in vitro studies suggest that apoptosis caused by IR and LPS contributes to endothelial cell damage under radiotherapy.
MATERIALS AND METHODS

Cell Culture and Reagents
Human umbilical vein endothelial cells (HUVEC) were freshly prepared from umbilical cords using the method of Jaffe mL heparin (Novo Nordisk, Mainz, Germany) and antibiotics (100 U/mL penicillin and 100 pg/mL streptomycin). Alternatively, HU-VEC were grown in a low (3%) serum endothelial cell growth medium (EGM; Promocell, Heidelberg, Germany) to avoid undesirable side effects caused by possible LPS contaminations of the serum. Only second-to fourth-passage HUVEC were used in this study. The human endothelium-derived cell line EA.hy926 was kindly provided by Dr Cora-Jean S. Edge11 (Chapel Hill, NC). It had been generated as a fusion product of H W E C and the permanent human lung sarcoma cell line A549/8.I6 EA.hy926 cells were cultured in RPMI1640, supplemented with 10% FCS and antibiotics. The microvascular endothelial cell line CDC/EU.-HMEC-l (further referred to as HMEC-l) was kindly provided by the Centers for Disease Control and Prevention (Atlanta, GA). To establish this cell line, human dermal microvascular endothelial cells had been transfected with a PBR-322-based plasmid containing the coding region for the simian virus 40 large T antigen and were thus immortalized."
HMEC.1 cells were cultured in MCDB 131, supplemented with 15% FCS, 1 pg/mL Hydrocortisone (Sigma), and 10 ng/mL epidermal growth factor (Collaborative Biochemical Products, Bedford, MA). All cell culture reagents were purchased from GIBCO (Karlsruhe, Germany), unless stated otherwise. Cytokines, endotoxin and cytokine antagonists and (monoclonal) antibodies (MoAbs) were obtained from the following sources or described in the following references: TNF-a (Knoll AG, Ludwigshafen, Germany), LPS (Sigma), human interleukin-l0 (L-10; Biermann, Bad Nauheim, Germany), anti-TNF-a MoAb MAK195 (Knoll AG)," anti-TNF receptor TR60 MoAb H398,I9 anti-TNF receptor TR80 antibody fragments (M8OFab) and MoAb 80M2,2' goat-antimouse IgG-FITC conjugated antibody F(ab)* fragment (Dako, Hamburg, Germany). For inhibition studies these antibodies were used at a concentration of 20 pg/mL. Dose kinetic studies (not shown) preceeded the experiments reported here.
Apoptosis Assays
Apoptosis of endothelial cells was assayed as follows. HUVEC and EA.hy926 as well as HMEC-1 cells were seeded onto 8-chamber slides (Nunc, Wiesbaden, Germany), irradiated with 4 Cy (I3'Cs yradiation source; Atomic Energy of Canada Ltd), and incubated in the presence or absence of LPS (10 ng/mL). Subsequently, cells were fixed with MethanoYAceton (l:]) for 2 minutes. Cells were then washed once in phosphate-buffered saline (PBS) and stained with 4,6-Diamidino-2-phenylindole (DAPI) (0.5 pg/mL; Sigma), dissolved in 20% GlyceriWPBS. After removal of the chambers the slides were mounted and subjected to microscopic analysis. The optical analysis enclosed counting of apoptotic versus the whole amount of cells from at least 10 microscopic fields with 90 cells average/field. Nuclear condensation as shown by DAPI staining in the absence of trypan blue uptake is considered characteristic of apoptotic cells as opposed to necrotic cell death.z'~22 An alternative method for detecting apoptosis in human endothelial cells was performed as previously describedz3 using flow cytometry (see below). Apoptotic cells were found to show a different side scatter image compared with nonapoptotic cells.
Finally, DNA fragmentation analysis was performed as described?
DNA of treated and untreated cells was loaded with 40 pg on a 2%
ethidium bromide (Merck, Darmstadt, Germany) stained agarose gel with TAE (Tris acetate EDTA) running buffer.
Cell-Cycle Analysis
Cell-cycle analysis was performed by analyzing DNA-synthesis in comparison with DNA content as de~cribed?~ Briefly, H W E C were either untreated or irradiated (4 Gy) and incubated in the presence or absence of LPS (10 ng/mL) for 18 hours. During the last 4 hours, BrdU (bromodeoxyuridine, Amersham-Kit 1 : 1,OOO; Amersham Buchler, Braunschweig, Germany) was added to the medium. Subsequently, cells were washed and trypsinized, followed by a fixation in 70% EtOH for 30 minutes at -20°C. Cells were then resuspended in 0.2 mg/mL pepsin in 2N HC1 and incubated at room temperature for 30 minutes. Neutralization was performed with 0.1 m o m Na2B407. After washing cells were resuspended in PBS/O.5% Tween-20/2 % FCS (buffer), containing an anti-BrdU, fluresceinisothiocyanate-conjugated antibody (Boehringer Mannheim, Mannheim, Germany) and incubated for 30 minutes. After a final wash HUVEC were resuspended in buffer, containing RNAse A (Boehringer Mannheim) and 50 pg/mL propidium iodide (Sigma) and incubated for at least 30 minutes at room temperature. The rate of BrdU incorporation as a parameter of DNA synthesis was measured by flow cytometric analysis (see below) and compared with the DNA content, as determined by propidium iodide incorporation. The resulting dot plots were gated to define GdG,-, S-, and Gz-phases.
Coculture With Transmembrane TNF (mTNF) Transfectants
To study the role of mTNF in the LPS-triggered sensitization of endothelial cells against IR, HUVEC (6 X 104 cells), either untreated or irradiated (as given), were seeded into 35-mm fibronectin-coated Petri dishes and cocultured with Chinese hamster ovary (CHO) cells (2 X lo4 cells) as a control and with CH0 cells, expressing uncleavable membrane bound TNF. Transfection of these cells has been performed according to a previously published protocol.z5 Cells were analyzed for the presence of apoptotic characteristics by DAPI-staining and subsequent microscopic analysis (see above) 24 hours post-IR. The cocultures were additionally stained for vWF by indirect immunofluorescence (see above), and only positive cells were counted.
Flow cytometric analysis. Cell-surface expression of TNF and its receptors, TR60 and TR80, on HUVEC was assessed by indirect immunofluorescence and subsequent flow cytometry using the FACScan flow cytometer and the CellQuest analysis program (Becton Dickinson, Heidelberg, Germany). After treatment, cells were obtained with trypsinEDTA (GIBCO), washed once in cold PBS and incubated with either MAK195 (anti-TNF MoAb), H398 (anti-TN'F receptor TR60), or 80M2 (anti-TRSO), diluted in PBS/IO% FCS for 1 hour on ice. Omitting of the first antibody served as a negative control to detect unspecific fluorescence (further referred to as nil control). This approach, instead of using isotype control antibodies, was justified by previous observations, that endothelial cells lack Fc receptors.26 Thus, a nonspecific binding of antibodies through their Fc fragment could be excluded. After a single washing cells were incubated with a goat-antimouse IgG-FITC conjugated antibody F(ab), fragment (Dako) for 45 minutes on ice. Cells were analyzed after a final washing.
Polyacrylamide gel electrophoresis (PAGE) and Western blot analysis. Endothelial cells were either left untreated or treated as given above. Subsequently, cells were collected in preheated (95°C) homogenization buffer (20 mmovL Tris, pH 7.4, 2 mmom EGTA, 6 mmoVL 2-mercaptoethanol, 25 pg/mL aprotinin, 25 pg/mL leupeptin, 5 p m o m pepstatin, 1 mmol/L phenylmethylsulfonyl fluoride, and 1% sodium dodecyl sulfate (SDS; all reagents from Sigma). The lysate was scraped into microcentrifuge tubes (Eppendorf, Hamburg, Germany) using a rubber policeman (Becton Dickinson), sonicated for 1 minute, boiled for 5 minutes, and then frozen at -20°C or immediately used for PAGE. PAGE was run on 12% slab gels with 200 pg protein-lysate per lane as d e s~r i b e d . "~~~ SDS-PAGE gels were permitted to stack at 50 V and then run at constant 50 V overnight. Molecular weights were estimated by using color-stained markers (Bio-Rad, Miinchen, Germany). After electrophoresis, gels Sftrtisficnl crnctlwis. The significance of differences between different experimental values was assessed by means of the Student's t-test.
RESULTS
Apoptosis in Human Endothelial Cells I s Induced by IR and EnArrnced 17y LPS
The influence of IR on human endothelial cells was assessed. As the clinical relevant dose, 4 Gy was chosen because it resembles one fraction of the conventional 3 X 4-Gy dose total body irradiation of patients used in conditioning before
To analyze whether IR impairs endothelial cell survival, HUVEC were irradiated with 4Gy and examined for nuclear disintegration and cytoplasmic blebbing as typical signs of apoptotic programmed cell death after a 24-hour period of culture. As depicted in Fig I C and  d . IR clearly induced apoptosis in HUVEC. Charateristic cytoplasmic blebbing can be observed in the phase-contrast micrograph (Fig IC) . Chromatin condensation and nuclear disintegration were detected by DAPI staining using fluorescence microscopy, as shown in Fig Id. In contrast, untreated control cells exhibited homogeneous and intact nuclei plasma without signs of cytoplasmic blebbing (Fig la) or nuclear disintegration (Fig 1 b) . We asked next whether LPS had an enhancing effect on IR-induced programmed cell death. Human macrovascular (HUVEC and EA.hy926) and microvascular (HMEC-I) endothelial cells were irradiated and cultured for 24 or 48 hours in the presence or absence [t 1.3761 after 48 hours). This concentration of LPS was chosen because it approximates the serum levels observed in various cases of bacterial endotoxemia.'" Statistical analysis proved the LPS-mediated enhancement to be highly significant ( P < .OOl). Interestingly, LPS alone, even at high concentrations (up to 1 pg/mL), did not induce programmed cell death in HUVEC for either incubation period tested ( Table 1 and data not shown). This indicates that LPS can sensitize HUVEC for IR-mediated effects, but is not able on its own to drive endothelial cells into apoptosis.
Similar effects of IR and LPS on programmed cell death were found using immortalized cell lines, the microvascular endothelial cell HMEC-I, and the macrovascular cell EA.hy926 (Table l ) . These data indicate that the results obtained here are not cell-specific. but rather reflect a more general in vivo response pattern of normal endothelial cells.
All of the following experiments were performed with both macrovascular and microvascular endothelial cells, and with qualitatively identical results. For the sake of clarity, only the results with HUVEC are presented.
Cell-Cycle Analysis of Conditioned HUVEC Proves
Plateau-Phase Clrhres
To assess whether the endothelial cell cultures we used in our studies resembled plateau-phase cells as observed in vivo. HUVEC were either untreated or irradiated (4 Gy) and incubated in the presence or absence of LPS (10 ng/mL) for 18 hours, followed by cell-cycle analysis using flow cytometry as described in Materials and Methods. The resulting data, summarized in Table 2 , showed that HUVEC were indeed in the plateau phase under the chosen experimental settings, because most of the cells were found to be in the GdG,-phase (ranging from 67.2% to 72.8%). It is important to note that neither of the experimental conditions (IR nor LPS + IR) considerably increased the total amount of cells in the phase of DNA synthesis. The number of DNA synthesizing cells were even slightly decreased by IR and LPS + IR compared with control levels. However, the number of proliferating cells proved to be far beyond that of cells actually undergoing apoptosis. This is in line with previously published data, showing that ionizing irradiation causes a reduction in the rate of DNA synthesis primarily in the Sphase." Additionally, an increase in the amount of G2-phase cells could be observed (Table 2) . Again, this was already shown in earlier studies, describing, that exposure of mammalian cells to ionizing radiation prolongs the G2 phase of the cells or even cause a G2 arrest of the cells.3' Finally, when detecting apoptotic cells by DAPI staining and concurrently estimating DNA synthesis by BrdU incorporation, followed by staining of the cells with the anti-BrdU-FITC antibody, we could not find apoptotic cells that had incorporated considerable amounts of BrdU, suggesting that these cells did not undergo proliferation before apoptosis (data not shown). Therefore, we could exclude from these data that IR-and HUVEC were either untreated or irradiated (IR I4 Gy]) and incubated in the absence or presence of LPS (10 ng/mL) for 18 hours and subjected to cell-cycle analysis as described in Materials and Methods. Results are given in percent of cells gated to the respective cell cycle phase according to the plot derived from DNA-synthesis (BrdU incorporation, Y-axis) in comparison to DNA-contents (propidium iodide incorporation, X-axis). This is one of two different experiments.
LPS + IR-induced apoptosis resulted from artificial in vitro stimulation and subsequent proliferation of endothelial cells.
Interleukin-IO (IL-10) Inhibits LPS-Mediated Enhancement of Apoptosis Induced by Irradiation
Human IL-IO has been identified as an antagonistic cytokine suppressing proinflammatory mediators in vitro32 and in vivo33,34 and thus may be considered an anti-inflammatory agent. Additionally, IL-10 has been previously described to rescue human T cells from programmed cell death induced by IL-2 ~tarvation.'~ To address the question whether IL-10 might as well work as an anti-apoptotic agent for endothelial cells, HUVEC were either untreated (control) or irradiated (IR, 4 Gy), incubated with LPS (10 ng/mL) in the presence or absence of human recombinant IL-10 (0.1 pg/mL) for 24 or 48 hours. Figure  2A The results obtained by microscopic analysis of DAPIstained HUVEC was supported further using flow cytornetry, an alternative method for the detection of apoptotic cells (Fig 2B) .23 Irradiated cells showed a significantly different scatter plot (upper right plot) compared with untreated control cells. Side scatter (SSC), the parameter for cell granularity, was increased the most. Again, LPS was found to increase the number of granulated cells (lower left plot), and this effect could be inhibited by coculture of the cells with
IL-10.
Finally, a third established method for demonstrating programmed cell death was included in this study. DNA fragmentation analyses were assessed by agarose gel electrophoresis of total cellular DNAs of HUVEC, treated as above. Taken together, IL-I0 turned out to be a potent inhibitor of the LPS-enhancement of IR-mediated apoptosis in endothelial cells, a s determined by a reduced nuclear disintegration, cellular granularity, and DNA fragmentation.
Role of TNF in Apoptosis Inrlrrcc~rl I>! LPS crrd IR
The observation that IL-I0 antagonized the LPS-triggered sensitization of endothelial cells for IR-mediated programmed cell death raises the question whether cytokines are involved. Therefore. we investigated a possible role for TNF, known to induce apoptosis in various cell in this signaling that affects endothelial cells. and which type of TNF-receptor may be involved. It has been reported that the two types of TNF-receptors are capable of mediating programmed cell death through different pathways.J" HU-VEC were treated as described as above, incubated in the presence or absence of various inhibitory antibodies specific for TNF (MAK19.5), TNF-receptor TR60 (H398). and TNFreceptor TR80 (M80Fab). and subsequently subjected to DAPI-staining analysis. The data. summarized in Fig 3. show that anti-TNF MoAb MAK195. but not an isotype control antibody (not shown), inhibited the LPS + IR-induced apoptosis to the same levels obtained with IR alone, suggesting that TNF to be involved in the sensitization by LPS. The number of apoptotic cells of those treated only with IR were not affected by MoAb MAK19.5 (data not shown).
In addition, the antagonistic TR60-specific MoAb H398 abrogated the LPS-triggered enhancement of apoptosis (Fig   3) . whereas anti-TRSO MSOFab was ineffective (not shown) in this experimental setting. Because both agents are potent antagonists.'"' these data suggest TNF-receptor TR60. but not TR80, to be critically involved in apoptotic signaling. Surprisingly, exogenously added. soluble TNF, even when given at extremely high doses (2.000 UlmL), could not mimic or enhance the effects of either IR-or LPS treatment
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or the combination of both (Fig 3 and data not shown) ,
suggesting that the membrane-bound form of this cytokine, not soluble TNF, was responsible for the apoptotic signals in endothelial cells.
The Transmembrane Form of TNF Enhances Apoptosis of Irradiated Endothelial Cells
Because the anti-TNF antibody inhibited the enhanced signal delivered by LPS, but exogenously added soluble TNF could not substitute for it, we tested the hypothesis that membrane bound TNF may be involved. Therefore, HUVEC were either untreated or irradiated (4 Gy), incubated in the presence or absence of LPS (10 ng/mL), and cocultured with B2.20 cells, a C H 0 cell line, stably expressing an uncleavable form of mTNF.25 HUVEC were cocultured with C H 0 cells as a control. After 24 hours of culture, the cells were subjected to microscopic DAP1-stain analysis. To distinguish H W E C from C H 0 and B2.20 cells, cells were concurrently stained with a vWF-specific antibody using indirect immunofluorescence, and only vWF-positive cells were counted in determining the percentage of apoptotic cells. As depicted in Table 3, (Table 2 ). In addition, HUVEC cocultured with B2.20 in the presence of TNF-specific MoAb MAK195 or TR60-specific MoAb H398 showed numbers of apoptotic cells similar to that observed for HUVEC cocultured with CH0 control cells (data not shown), which further underlines the crucial role of mTNF and TR60 in triggering the LPS response. confirmed the significance of this finding (Fig 5, bottom) . Furthermore, we identified an additional protein band in this Western blot with the approximate molecular weight of 38 kD, that had already been described by Perez et The origin of this protein, and whether it is related to TNF, is still unknown.
Taken together, these data indicate that both mTNF and its high-affinity receptor TR60 are selectively upregulated by LPS + IR, and that mTNF mediates the LPS-caused sensitization of endothelial cells for IR-induced programmed cell death.
DISCUSSION
In the present report we have characterized a mechanism by which bacterial endotoxin (LPS) sensitizes human macrovascular and microvascular endothelial cells for IR-induced programmed cell death (apoptosis). Because it is a relatively rare phenomenon that nonlymphoid mammalian tissues undergo apoptosis in response to IR?' it is important to note that endothelial cells can be driven into programmed cell death by clinical relevant doses of radiation, as it has recently been shown by other investigators in murine and bovine cells3-' and, for the human system, by ourselves in this study. Cell-cycle analysis showed the typical plateau phase of endothelial cells observed in vivo, demonstrating that apoptosis was independent of an artificial in vitro proliferation of endothelial cells.
Evidence for the involvement of inflammatory cytokines in apoptotic signaling was provided by the observation that (Fig 5) .
Antibody inhibition studies strongly suggest that TNF is the crucial mediator of the apoptosis enhancing effect triggered by LPS, as anti-TNF MoAb MAK195 reduced the number of apoptotic cells triggered by LPS + IR to the level obtained with IR alone, whereas the IR-induced programmed cell death remained unaffected when TNF was blocked. Furthermore, TNF receptor TR60 seems to be mainly involved in this interaction as determined by the inhibitory capacity of the TR60-specific MoAb H3989. Additional evidence for a crucial involvement of TR60 in the TNF-promoted signaling was provided by the observation that Htr-l, an agonist for TR60-mediated effects, was found to further upregulate LPS + IR-mediated apoptosis in HUVEC, whereas an agonistic polyclonal antiserum against TR80 did not influence apoptosis considerably. Again, IR-mediated programmed cell death was unaffected by either agonist, which is in support of the concept that TNF is not involved in IR-induced apoptosis (data not shown). These findings are in line with previously published data showing that TR60 is the predominant, although not the exclusive, receptor on endothelial cells43 and elicits most of the TNF-triggered signals.44 However, the functional role or TR80 is still ill-defined for the endothelium as well as for other cell systems, and the identification of the relevant receptor participating in various cellular responses to TNF may be of importance for the evaluation of a more selective control of TNF-mediated responses.
Two major observations support the hypothesis that the transmembrane form of TNF, but not soluble TNF, is responsible for the LPS-mediated sensitization of endothelial cells for IR-induced apoptosis. Firstly, exogenously added, soluble TNF, even at very high doses, failed to promote 1R-induced programmed cell killing of endothelial cells. Secondly, coculture experiments of untreated and irradiated HUVEC with mTNF transfectants, expressing an uncleavable form of transmembrane TNF, showed that mTNF in combination with IR is able to mimic the LPS-triggered enhancement of endothelial apoptosis. These findings suggest that endothelial cells, triggered to upregulate mTNF by LPS and IR treatment, are able to promote their own cell death via a homotypic cell-to-cell contact. Thus, TNF may elicit cytotoxic effects, even in the absence of TNF-secreting cells. In fact, cell-surface-expressed TNF has been shown recently to be capable of inducing cytotoxicity in a cell-tocell contact model using transfected murine fibroblasts2s and to be superior to soluble TNF in some systems?
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It is currently under investigation whether other (pro)inflammatory stimuli, especially those released by activated T cells, are able to act like LPS in stimulating mTNF expression. Preliminary studies in our lab showed that it does not seem to be accountable for interferon-?. However, it has been reported, that interleukin-la, like LPS. is able to upregulate mTNF on kidney tubular epithelial cells.46
Although LPS-triggered enhancement of apoptosis is clearly TNF-dependent, it is still not fully understood how IR drives endothelial cells into apoptotic cell death. Although, in our system, IR acted independently of TNF, it has to be considered that IR can induce TNF in other cell types" such as peripheral blood monocytes." In vivo, this effect raises the possibility of an immune cell derived apoptotic signaling of IR-induced mTNF for neighboring endothelial cells in addition to the self-stimuli we observed, even in the absence of enhancers, such as LPS. Liu et a149 have already demonstrated a cytotoxic surface molecule that is related to TNF on macrophages.
It has further been observed that IR, similar to TNF, induces rapid sphingomyelin hydrolysis to ceramide, which appeares to be more important than direct DNA damage.'" LPS, dependent on the concentration used, is known to have either activating or deleterious effects on endothelial cell^.^'.'^ Our data show that LPS can mediate programmed cell death at a clinically relevant dose in combination with IR mediated by the action of transmembrane TNF. These findings are of clinical importance in cases where radiotherapy and/or conditioning of patients before transplantation, including IR, may lead to an influx of bacterial pathogens like LPS through damaged mucosal bamers into the blood stream. Because the vascular endothelium does not belong to the rapidly self-renewing tissues, programmed cell death is likely to reduce the endothelial cell reservoir and may thus facilitate the penetration of immunologic effector cells at sites of inflammation. Therefore, apoptosis might, at least in concert with other inflammatory processes, account for the endothelial cell damage observed in various clinical settings.
